Abstract-Spatial frequency difference thresholds for sinewave gratings near contrast threshold were measured using a two-alternative forced-choice technique, and the threshold frequency differences were plotted as a proportion of standard frequency for standards from 2 to 7 cycles/degree. This function shows reliable local maxima and minima, and these features are more pronounced than they are when stimuli of 30% contrast are used. This result is consistent with the notion that at low contrasts, fewer spatial frequency channels are above threshold in the area of the visual field covered by the stimulus than when the stimulus is at high contrast.
INTRODUCTION
Recent spatial frequency discrimination studies have been designed to provide information on the mechanisms which are responsible for spatial frequency analysis in visual processing. If two stimuli are preceived as different, there must be some mechanism within the visual process which results in responses to the two stimuli that are different. Hirsch and Hylton (1982) found that the spatial frequency discrimination function for supra-threshold stimuli has local peaks and valleys. Richter and Yager (1984) also found that spatial frequency discrimination is not a smoothly monotonic function of spatial frequency. Both of these studies used a contrast of 30%, a level that is well above contrast threshold.
What happens to spatial frequency discrimination when contrast is decreased to a value approaching contrast threshold? If at low contrast levels there are fewer channels (Graham,1981 ) operating, any reasonable model of frequency discrimination would predict that local peaks and valleys would be more pronounced than they were for high-contrast stimuli. In the present study, we measured the spatial frequency difference threshold function for very-low-contrast stimuli, and compared it to the function at 30% contrast. Campbell and Robson (1968) proposed a model of spatial frequency analysis which incorporates a number of discrete spatially-tuned channels, each of which is selectively sensitive to a limited range of spatial frequencies. The visual system's sensitivity to a pattern is determined by the channel that is most sensitive to the spatial frequency of that pattern. Each channel has a criterion which must be met to reach threshold, and a pattern will be above the threshold of the visual system if it is above threshold for at least one of the spatial frequency channels (Campbell and Robson, 1968; Sachs, Nachmias and Robson, 1971; Watson and Robson, 1981; Wilson and Bergen, 1979) . *A preliminary report of this experiment was given at the 1984 Meeting of the Association for Research in Vision and Ophthalmology.
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It has been suggested that the output of each channel is in the form of a 'labelled line', a specific output which is unique to each channel, and which can be distinguished from the labels of other channels. This modification to the earlier model provides a hypothesis for detection and discrimination (Watson and Robson, 1981) . If two stimuli are perfectly discriminated, then each of the two stimuli may be detected by different sets of labelled detectors, such that each stimulus will be correctly identified whenever it is detected. Although this is a logical explanation for perfect discrimination, it may be an oversimplification in that it does not address the case in which several sets of detectors may be active for each of the two stimuli.
Studies since the original multiple channels models were proposed have provided us with a better idea of the bandwidths and spatial-tuning characteristics of the channels. Recent data from masking studies indicated that at least six spatial frequency channels were required to account for foveal data between 0.25 and 22 cpd (Wilson, McFarlane and Phillips, 1983 ). An updated multiple channels model proposed by Wilson and Gelb (1984) is one in which a visual stimulus is filtered in parallel by six linear spatial frequency selective filters; the outputs of these filters then go through a nonlinear contrast transfer function to account for evidence that the processing of contrast is nonlinear (Legge, 1981; Wilson, McFarlane and Phillips, 1983) . Spatial frequency discrimination is accounted for in terms of a line element model (Wilson and Gelb, 1984) .
Consider what happens as we decrease contrast and approach contrast threshold. At high contrast, all channels, perhaps six, may be operating above threshold. Furthermore, if a spatially-extended stimulus is used such as a one-dimensional sine-wave grating that is several degrees in extent in both vertical and horizontal directions, retinal inhomogeneity considerations suggest that more than one set of six (or more) channels (receptive fields) will be above threshold. If, however, we decrease the contrast, the stimulus may fall below the threshold of one or more of the channels that were previously operating at the higher contrast. Since the periphery of the visual field has a lower contrast sensitivity than the central fovea, lowering stimulus contrast will cause only the centre of the field to be above threshold.
The consequence of the reduced number of operating channels near threshold is that areas of poor discrimination will be exposed. We expect good discrimination at frequencies in which the relative responses of the operating channels are changing rapidly, and poor discrimination at frequencies in which the relative responses are not changing rapidly (Georgeson, 1980; Richter and Yager, 1984; Wilson and Gelb, 1984) . At high contrast, so many channels are operating that there are no regions in the spectrum where at least some of the channels' responses will not be changing relative to each other. From the above considerations, we predict that the local peaks and valleys in the spatial-frequency discrimination function will be more exaggerated for near-threshold stimuli than for high-contrast stimuli. In the present study, we estimate contrast threshold, and we use near-threshold contrast values for the stimuli in a spatial frequency discrimination experiment.
PROCEDURE Apparatus
Vertical sine-wave gratings were generated on an oscilloscope screen, as described by Richter and Yager (1984) . Modulation of the Z-axis was produced by two DACs, which
